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(57) ABSTRACT

A semiconductor device includes a first interconnect 31; a
second 1nterconnect 32 which 1s formed 1n a different inter-
connect layer from that of the first interconnect 31, and which
has a wider line width than that of the first interconnect 31;
and first and second plugs 51 and 52 which are formed 1n a
region where the first and second interconnects 31 and 32
extend 1n the same direction so as to overlap one above the
other, and which electrically connect the first and second
interconnects 31 and 32. The first plug 51 has a larger base
area than that of the second plug 52, and 1s formed on an end

side of the first interconnect 31 with respect to the second plug
52.

18 Claims, 8 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation of PCT International Application
PCT/IP2009/000712 filed on Feb. 19, 2009, which claims
priority to Japanese Patent Application No. 2008-149554
filed on Jun. 6, 2008. The disclosures of these applications
including the specifications, the drawings, and the claims are
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

The present disclosure relates to a semiconductor device,
and particularly relates to a semiconductor device including a
plurality of interconnects electrically connected to each other
by plugs.

For speed-up and high-integration of semiconductor
devices, miniaturization and multi-layering of interconnects
have been promoted with miniaturization of semiconductor
active elements. The mimaturization and multi-layering of
interconnects have caused reliability reduction due to elec-
tromigration (EM). The term “EM” 1s a movement of metal
atoms constituting an interconnect by a flow of electrons 1n
interconnect material, resulting in causing air gaps in the
interconnect. This causes an increase 1n nterconnect resis-
tance, and, 1n the worst case, causes 1nterconnect disconnec-
tion.

Interconnect material mainly formed of copper 1s used for
recent semiconductor devices. Copper has a lower resistance
and a higher melting point than those of aluminum. Conse-
quently, the interconnect resistance can be reduced while
improving EM resistance.

Copper interconnects are generally formed by a damascene
process 1n which copper 1s embedded in a groove formed 1n an
interlayer film, by an electro chemical deposition. Particu-
larly, a dual damascene process has been widely used, 1n
which an interconnect and an interlayer interconnect (plug)
for connecting the interconnect to an interconnect of a lower
layer are simultaneously formed.

Copper has a large diffusion coetlicient with respect to an
interlayer film mainly formed of silicon dioxide. For this
reason, copper interconnects generally have a laminated
structure of a barrier {ilm for preventing copper diffusion, and
an mterconnect material {ilm made of copper. Hence, there 1s
the barrier film at an interface between the plug integrally
formed with the mterconnect of the upper layer by the dual
damascene process, and the interconnect of the lower layer.
That 1s, copper atoms constituting the interconnect of the
upper layer and the plug are physically separated from copper
atoms constituting the interconnect of the lower layer by the
barrier film made of a different type of material. Conse-
quently, a tlow of the copper atoms due to EM 1s discontinu-
ous at an 1nterface between the plug and the interconnect of
the lower layer.

When electrons move from the mterconnect of the upper
layer to the interconnect of the lower layer through the plug,
a supply of the copper atoms to the interconnect of the lower
layer 1s obstructed by the barrier film, and thereby causing a
loss of the copper atoms due to EM i1n a portion of the
interconnect of the lower layer, which contacts the plug. On
the other hand, when electrons move from the interconnect of
the lower layer to the interconnect of the upper layer through
the plug, a supply ol the copper atoms to the plug 1s obstructed
by the barrier film, and thereby causing the loss of the copper
atoms due to EM 1n a bottom portion of the plug. Such a
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2

copper atom loss results 1n an increase 1n mterconnect resis-
tance, and, 1n the worst case, results 1n interconnect discon-
nection.

Generally, aflow J(EM) of interconnect material atoms due
to EM 1s proportional to a current density 1 flowing in the
interconnect, and 1s represented by the following expression

(1):

JIEM)=Nx(D/ET)xZ*xexpxj (1)

where the parameter “N” represents an atomic density; the
parameter “D” represents a diffusion coelficient; the param-
cter “k” represents a Boltzmann constant; the parameter “17
represents an absolute temperature; the parameter “Z*” rep-
resents the effective charge number of the imnterconnect mate-
rial atoms; the parameter “©” represents an elementary
charge; the parameter “p” represents a resistivity; and the
parameter 17 represents the current density.

That 1s, the movement of the atoms due to EM 1s propor-
tional to the current density of the interconnects and plug, and
therefore 1t 1s required for EM suppression to lower the cur-
rent density of the interconnects and plug. In order to lower
the current density of the interconnects and plug, methods in
which a shape of the plug 1s changed, or in which the number
ol plugs 1s increased have been attempted (see, e.g., Japanese
Patent Publication No. 10-214893). For example, a plug TH1
connecting a lower layer interconnect M1 to an upper layer
interconnect M2 as 1llustrated 1n FIG. 9(a) 1s formed so as to
have a rectangular bottom surface, a width Y of which 1s
longer than a length X. In comparison to a case that the plug
TH1 has a square bottom surface, this allows a current tlow-
ing into the plug TH1 to disperse. Consequently,, this prevents
the current density from being locally high at the periphery of
the plug TH1, and thereby improving the EM resistance.

In addition, as illustrated 1n FIG. 9(b), two plugs TH2
connect the lower layer interconnect M1 to the upper layer
interconnect M2, and are arranged along a direction perpen-
dicular to a direction 1n which a current tlows 1n the two plugs
TH2. This prevents the current density from being locally
high at the periphery of the plugs TH2, and thereby improving
the EM resistance.

SUMMARY

However, there 1s a problem in which the conventional
method for improving the EM resistance cannot be applicable
to an interconnect havmg a narrow line width. If the line width
ol the interconnect 1s suificiently wider than a width of a plug,
the current flowing in the plug can be dispersed by the con-
ventional method. However, as the reduction of the line width
1s developed, 1t 1s generally that a minimum design dimension
of the mterconnect 1s equal to a mimmimum design dimension
of the plug. For this reason, the width of the plug 1s deter-
mined depending on the line width of the interconnect. This
results 1n having a smaller base area 1n the case of the plug
formed with the rectangular bottom surface than that in the
case of the plug formed with the square bottom surface, and
thereby increasing the current density.

When the line width of the interconnect becomes narrower,
it 1s 1mpossible to arrange a plurality of plugs along the
direction perpendicular to the direction 1n which the current
flows. On the other hand, the present inventors have discov-
ered that, 11 a plurality of plugs are simply arranged along the
direction 1n which the current tlows, a problem 1s caused, 1n
which the current 1s concentrated on one of the plugs.

Such a problem 1s particularly exacerbated in semiconduc-
tor devices in which the minimum design dimension of the
interconnect width 1s the same as that of the plug. However,
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even 1f the minimum design dimension of the interconnect
width 1s not the same as that of the plug, the problem may be
caused with the minmiaturization of the interconnect.

It 1s an object of the present disclosure to, 1n the semicon-
ductor device having the miniaturized interconnects, etfec-
tively disperse the current flowing in the plugs connected
between the interconnect of the upper layer and the 1intercon-
nect of the lower layer, and thereby realizing a semiconductor
device having the excellent electromigration resistance.

In order to accomplish such an object, the semiconductor
device of the present disclosure 1s configured so as to include
a plurality of plugs for connecting two interconnects, and to
have different base areas of the plugs.

In particular, the semiconductor device of the present dis-
closure includes a first interconnect; a second interconnect
which 1s formed 1n a different interconnect layer from that of
the first interconnect, and which has a wider line width than
that of the first interconnect; and first and second plugs which
are formed 1n a region where the first and second intercon-
nects extend in the same direction so as to overlap one above
the other, and which electrically connect the first and second
interconnects. The first plug has a larger base area than that of
the second plug, and 1s formed on an end side of the first
interconnect with respect to the second plug. The term “end
side” means a side which 1s not electrically connected to other
interconnect arranged 1n the same interconnect layer as that of
the first interconnect, or to other iterconnect arranged 1n a
different interconnect layer from that of the first interconnect.

The semiconductor device of the present disclosure
includes the first and second plugs. The first plug has the
larger base area than that of the second plug, and 1s formed on
the end side of the first interconnect with respect to the second
plug. Consequently, 11 the line width of the first interconnect
1s narrower than that of the second interconnect, a difference
between a resistance of a path of a current flowing in the first
plug, and a resistance of a path of a current flowing 1n the
second plug can be decreased. Hence, a current concentration
on one plug 1s prevented, and thereby reducing a degradation
ol interconnects and plugs due to electromigration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plot illustrating relationships between line
widths of an interconnect and resistivity.

FIGS. 2(a)-2(c) 1llustrate a relationship between two inter-
connects which are connected to each other by two plugs;
FIG. 2(a)1s aplanview; FI1G. 2(b) 1s an IIb-1Ib cross-sectional
view of FIG. 2(a); and FIG. 2(¢) 1s an equivalent circuit
diagram.

FIGS. 3(a) and 3(b) 1llustrate a semiconductor device of
one embodiment; FI1G. 3(a) 1s aplan view; and FIG. 3(b) 1s an
cross-sectional view of FIG. 3(a).

FIG. 4 1s a plot illustrating relationships between ratios of
a base area of first plug to a base area of a second plug, and
current densities.

FIGS. 5(a) and 5(b) 1llustrate a vaniation of the semicon-
ductor device of the one embodiment; FIG. 3(a) 1s a plan

view; and FIG. 5(b) 1s a Vb-Vb cross-sectional view of FIG.
5(a).

FIGS. 6(a) and (b) are plan views 1llustrating a variation of
the semiconductor device of the one embodiment.

FIGS. 7(a) and 7(b) are plan views illustrating a variation
of the semiconductor device of the one embodiment.

FIG. 8 1s a plan view illustrating a variation of the semi-

conductor device of the one embodiment.
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FIGS. 9(a) and 9()) are plan views illustrating a semicon-
ductor device of a conventional example.

DETAILED DESCRIPTION

First, amechanism for producing a difference in an amount
of a current distributed to each plug depending on a difference
in widths of upper and lower layer interconnects, which 1s
umiquely discovered by the present inventors, will be
explained.

I1 a line width of an interconnect of a semiconductor device
1s equal to or less than 100 nm, a mean free path of electrons
flowing 1n interconnect material, and the line width of the
interconnect are comparable with each other. In this state, 1t 1s
known that, due to an occurrence of a scattering at side walls
of the interconnect, a mobility of the electrons 1s degraded,
and then interconnect resistance 1s significantly increased. A
mean Iree path of electrons in a copper interconnect 1s gen-
erally approximately 40-60 nm.

FIG. 1 illustrates a result of an evaluation of a relationship
between the line width of the interconnect and a resistivity in
the copper interconnect. I1 the line width of the interconnect
1s equal to or greater than 100 nm, the resistivity of the
interconnect 1s approximately constant regardless of a height
H of the interconnect. However, if the line width of the inter-
connect 1s equal to or less than 100 nm, the resistivity 1s
dramatically increased. As one example, 11 the height H of the
interconnect 1s 180-280 nm, the resistivity of the interconnect
having the line width of 200 nm 1s 2.0 uf2cm. On the other
hand, the resistivity of the interconnect having the line width
of 50 nm 1s increased to 3.0 uf2cm by approximately 50%.
This shows that, 1t the line width of the interconnect of the
semiconductor device 1s equal to or less than 100 nm, the
resistivity of the interconnect 1s changed depending on the
line width of the interconnect.

A case will be considered, in which, as illustrated in FIGS.
2(a) and 2(b), a first interconnect M1 having a line width W1
and a second interconnect M2 having a line width W2 are
connected to each other by a first plug V1 and a second plug
V2.FIG. 2(a) illustrates a planar structure of the interconnect,
and FIG. 2(b) illustrates an I1b-1Ib cross-sectional structure of
FIG. 2(a). FI1G. 2(c¢) 1s a structure between a point a of the first
interconnect M1 and a point 1 of the second interconnect M2,
which 1s i1llustrated 1n an equivalent circuit diagram. A refer-
ence character “RM1” represents a resistance of the {first
interconnect M1 between the point a and the second plug V2;
a reference character “RM1" represents a resistance of the
first interconnect M1 between the second plug V2 and the first
plug V1; a reference character “RV2” represents a resistance
of the second plug V2, a reference character “RV 17 repre-
sents a resistance of the first plug V1; a reference character
“RM2" represents a resistance of the second interconnect M2
between the second plug V2 and the first plug V1; and a
reference character “RM2” represents a resistance of the sec-
ond nterconnect M2 between the first plug V1 and the point
f.

If the line widths W1 and W2 of the first and second
interconnects M1 and M2 are same, or both widths are equal
to or greater than 100 nm, resistance values of RM1' and
RM2' are approximately the same. In addition, 11 base areas of
the first and second plugs V1 and V2 are same, the resistance
values oI RV1 and RV2 are same. Consequently, a total resis-
tance value of a path a-b-c-e-1 1n which a current flows in the
first plug V1 1s equal to a total resistance value of a path
a-b-d-e-1 in which a current tflows 1n the second plug V2, and
a current flowing between the points a and 11s approximately
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evenly dispersed to two paths. Hence, a density of the current
flowing the plugs can be reduced, and thereby improving an
EM resistance.

However, 11 the line width W1 of the first interconnect M1
differs from the line width W2 of the second interconnect M2,
and one of them 1s equal to or less than 100 nm, the resistance

value of RM1' differs from the resistance value of RM2'. For
example, 11 an expression W1>W2 1s satisfied, 1t results in an
expression RM1'<RM?2', and the total resistance value of the
path a-b-c-e-11n which the current flows in the first plug V1 1s
lower than the total resistance value of the path a-b-d-e-1 1n
which the current flows 1n the second plug V2. Consequently,
the current flowing between the points a and 11s concentrated
on the first plug V1. On the contrary, if an expression W1<W2
1s satisfied, 1t results 1n an expression RM1'>RM?2', and the
current 1s concentrated on the second plug V2. As described
above, 1n the case that the line width W1 of the first intercon-
nect M1 differs from the line width W2 of the second inter-
connect M2, and one of them 1s equal to or less than 100 nm,
even 1i the two plugs are formed, a current dispersion effect 1s
small, and the current 1s concentrated on one of the plugs. In
the result, the EM resistance can be barely improved.

Based on the above-described findings, a structure of a
semiconductor will be explained hereinafter, in which, even it
the line width W1 of the first interconnect M1 differs from the
line width W2 of the second interconnect M2, the current 1s
clfectively dispersed, and thereby improving the EM resis-
tance.

(One Embodiment)

A semiconductor device of one embodiment will be
explained heremaiter with reference to the drawings. FIGS.
3(a) and 3(b) are the semiconductor device ol the one
embodiment. FI1G. 3(a)illustrates a planar structure, and FIG.
3(b) 1llustrates an IIIb-IIIb cross-sectional structure of FIG.
3(a).

As 1llustrated 1 FIGS. 3(a) and 3(b), the semiconductor
device includes an active element formed 1n a substrate 10,
and interconnects connected to the active element. FIGS. 3(a)
and 3(b) 1llustrate an example 1n which the interconnects are
copper interconnects, and the active element 1s a metal 1nsu-
lator semiconductor (MIS) transistor.

A MIS transistor 15 which 1s the active element includes a
gate msulating film 12 and a gate electrode 14 which are
formed on an active region surrounded by an element 1sola-
tion region 11 in the substrate 10; and source drain regions 13
formed on both sides thereol.

A plurality of interconnect layers are formed on the sub-
strate 10 with an insulating film 16 which 1s formed so as to
cover the active element, being mterposed therebetween. In
FIGS. 3(a) and 3(b), there are two interconnect layers. A
lower interconnect layer 21 has a first interconnect 31 and a
first interlayer film 41, and an upper interconnect layer 22 has
a second 1nterconnect 32 having a wider line width than that
of the first interconnect 31, and a second interlayer film 42. A
low-dielectric-constant film 18 1s formed on the upper inter-
connect layer 22. However, a further interconnect layer may
be formed below the lower interconnect layer 21, or above the
upper interconnect layer 22. In addition, other interconnect
layer may be formed between the lower interconnect layer 21
and the upper interconnect layer 22.

The first interconnect 31 has a conductive barrier film 31A
made of tantalum (Ta), etc., and an interconnect material 31B
made of copper (Cu), etc., which are embedded 1n an inter-
connect-forming groove formed 1n the first interlayer film 41,
and 1s connected to a source drain region 13 by a contact 17.
The first interlayer film 41 has a low-dielectric-constant film

10

15

20

25

30

35

40

45

50

55

60

65

6

41A made of silicon oxycarbide (S10C), etc., and a cap film
41B made of silicon mitride (S1N), etc.

The second interconnect 32 has a conductive barrier film
32A made of Ta, etc., and an interconnect material 32B made
of Cu, etc., which are embedded 1n an interconnect-forming
groove formed 1n the second interlayer film 42, and 1s con-
nected to the first interconnect 31 of the lower layer by first
and second plugs 51 and 52 which are integrally formed. The
second interlayer film 42 has a low-dielectric-constant {ilm
42A made of S10C, etc., and a cap film 42B made of SiN, etc.

The first and second 1nterconnects 31 and 32 extend 1n the
same direction so as to overlap one above the other at least 1n
the region where the first and second plugs 51 and 32 are
formed. The line width W1 of the first interconnect 31 1s
narrower than the line width W2 of the second interconnect
32. The first plug 51 1s formed so as to be positioned on an end
side of the first interconnect 31 with respect to the second plug
52, and an area of a base (base area) of the first plug 51, which
contacts the first interconnect 31, 1s larger than that of the
second plug 52. The term “end side of the first interconnect
31” means a side which, with respect to the first plug 31, 1s not
clectrically connected to other interconnect arranged 1n the
same interconnect layer as that of the first interconnect, or to
other interconnect arranged 1n a different interconnect layer
from that of the first interconnect.

In FIGS. 3(a) and 3(b), a base shape of the second plug 52
1s square, and a width b2 extending in a direction parallel to
the line width W1 of the first interconnect 31, and a length c2
extending 1n a direction intersecting with the line width W1 of
the first interconnect 31 are equal to the line width W1 of the
first 1interconnect 31. A base shape of the first plug 51 1s
rectangular. A width b1 extending 1n the direction parallel to
the line width W1 of the first interconnect 31 1s equal to the
line width W1 of the first interconnect 31, and a length c1
extending 1n the direction intersecting with the line width W1
of the first interconnect 31 1s longer than the length ¢2 of the
second plug 52. However, the widths b1 and b2 are not nec-
essarily equal to the line width W1 of the first interconnect 31.
In addition, the width b2 1s not necessarily equal to the length
c2.

When the equivalent circuit diagram illustrated in FI1G. 2(c¢)
1s considered with regard to this structure, expressions
RM1'>RM2' and RV1<RV2 are satisfied. Consequently, a
difference between a total resistance value of a path 1n which
a current flows 1n the first plug 51, and a total resistance value
of a path 1n which a current flows 1n the second plug 52 i1s less
than a difference 1n a case that RV1 1s equal to RV2. Hence, a
current concentration on the second plug 52 1s reduced, and
thereby improving the EM resistance. In particular, 1f the base
areas of the first and second plugs 51 and 32 are designed so
as to satisty an expression RM1'+RV1=RM2'+RV?2, the total
resistance value of the path 1n which the current flows 1n the
first plug 31 1s equal to the total resistance value of the path 1n
which the current flows in the second plug 52. This most
cifectively allows the current to disperse, and thereby further
improving the EM resistance.

I1 the total resistance value of the path in which the current
flows 1n the first plug 51 1s equal to the total resistance value
of the path 1n which the current flows 1n the second plug 52,
the EM resistance can be maximized. However, a case may be
caused, 1n which, due to limitation of a plug size which can be
formed, the expression RM1'+RV1 cannot be equal to the
expression RM2'+RV2. Even 1n this case, the base area of the
first plug 51 1s made larger than that of the second plug 52, an
thereby improving the EM resistance.

FI1G. 4 1llustrates simulated relationships between aratio of
a base area S1 of the first plug 351 to a base area S2 of the
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second plug 52, and a current density 1n each plug. In a case
that the line width W1 of the first interconnect 31 1s equal to
the line width W2 of the second interconnect 32, if the ratio of
the base areas S1 to S2 1s “1,” the current density 1n the first
plug 51 1s approximately equal to that in the second plug 52.
However, 1n a case that the line width W1 of the first inter-
connect 31 1s narrower than the line width W2 of the second
interconnect 32, it the ratio of the base areas S1 to S2 1s “1,”
it 1s found that the current density in the second plug 52
increases, and thereby causing the current concentration on
the second plug 52. On the other hand, 1n a case that, e.g., the
length ¢1 1s made longer than the length ¢2 by 10% to make
the base area S1 of the first plug 51 1.1 times larger than the
base area S2 of the second plug 52, the current density 1n the
second plug 52 1s decreased by approximately 5% 1n com-
parison to a case that the base area S1 of the first plug 51 1s
equal to the base area S2 of the second plug 52. In addition,
the current density 1n the first plug 51 1s also decreased.

EM lifetime which 1s a time period until a semiconductor
device 1s broken due to EM 1s generally represented by the
tollowing Black expression:

150=Ax1/*x exp(Ea/kT)

where the parameter “t50” represents a time period at which
a failure rate 1s 50% (failure time); the parameter “A” repre-
sents a constant; the parameter “J”” represents a current den-
sity; the parameter “n” represents a current density index; the
parameter “Ea’” represents an activation energy; the param-
eter “K” represents a Boltzmann constant; and the parameter
“T” represents an absolute temperature.

Generally, the current density index n of an interconnect
mainly formed of copper 1s approximately 1.0. That 1s, the
EM lifetime can be extended approximately as much as the
current density 1s decreased. Hence, 11 the line width W1 of
the first interconnect 31 1s narrower than the line width W2 of
the second interconnect 32, the base area of the first plug 51 1s
made larger than that of the second plug 52 by 10%, and
thereby extending the EM lifetime at least by 5%. As
described above, even 11 RM1'+RV1 1s not equal to RM2'+
RV2, the base area of the first plug 51 1s made larger than that
of the second plug 52, and thereby obtaining an effect to
improve the EM resistance.

FIGS. 3(a) and 3(b) 1llustrate the example in which the first
interconnect 31 having the narrower line width 1s formed 1n
the lower 1interconnect layer 21, and the second interconnect
32 having the wider line width 1s formed in the upper inter-
connect layer 22. However, as illustrated 1n FIGS. 5(a) and
5(b), even 1 the first interconnect 31 having the narrower line
width 1s formed 1n the upper interconnect layer 22, and the
second 1nterconnect 32 having the wider line width 1s formed
in the lower interconnect layer 21, the current concentration
on one of the plugs can be reduced. The first and second plugs
51 and 52 are integrally formed with the first interconnect 31.
In this case, the first plug 51 having the larger base area may
be formed on the end side of the first interconnect 31 with
respect to the second plug 52.

The first and second interconnects 31 and 32 may extend in
the same direction so as to overlap one above the other 1n the
region where the plugs are formed, and the entire 1ntercon-
nects do not necessarily extend in the same direction. Hence,
by providing a bent portion in the first interconnect 31 as
illustrated 1n FIGS. 6(a) and 6(d), interconnects extending 1n
different directions can be connected to each other as long as
the region 1s formed, where the first and second interconnects
31 and 32 extend in the same direction so as to overlap one
above the other. FIGS. 6(a) and 6(5) illustrate the example 1n
which the first interconnect 31 1s formed below the second
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interconnect 32, but the first interconnect 31 may be formed
above the second interconnect 32. In addition, the first inter-
connect 31 has the bent portion. However, the second inter-
connect 32 may have the bent portion, or both interconnects
may have the bent portions.

FIG. 7(a)1llustrates an example in which the first intercon-
nect 31 1s a connecting interconnect for connecting between
the second 1interconnect 32 and a third interconnect 33. In this
case, the first and second plugs 51 and 52 may be formed 1n
proximity to both ends of the first mnterconnect 31, respec-
tively. In addition, as illustrated in FIG. 7(b), the second
interconnect 32 may be a connecting interconnect for con-
necting between the first interconnect 31 and a fourth inter-
connect 34. In this case, each of the first and fourth intercon-
nects 31 and 34 may be formed with the first and second plugs
51 and 52 so that the first plug 31 1s formed on the end side of
the interconnect. Fither of the first and second interconnects
31 and 32 can be formed in the upper interconnect layer. In
addition, the second and third interconnects 32 and 33, and
the first and fourth interconnects 31 and 34 are not necessarily
formed 1n the same interconnect layer.

In the present embodiment, two plugs connecting between
the first and second interconnects 31 and 32 have been
described, but the number of plugs may be three or more. In
this case, the first plug 51 which 1s formed on the end side of
the first interconnect 31 having the narrower line width has
the largest base area, and the base areas of the other plugs are
successively reduced according to their locations. FIG. 8
illustrates an example 1n which the first plug 51; the second
plug 52; and a third plug 53 which 1s formed between the first
and second plugs 51 and 52, and which has a base area smaller
than that of the first plug 51, and larger than that of the second
plug 52, are formed. In this case, a relationship among the
lengths may be represented by, e.g., an expression c1>c3>c2.
In addition, more than two plugs may be formed between the
first and second plugs 51 and 52.

In the present embodiment, the first and second plugs, the
planar shape of which is rectangular, have been described.
However, the planar shape may be any shapes such as round
and ellipsoidal shapes.

The first and second interconnects which are made of cop-
per, and which are formed by the dual damascene process
have been described. However, the present disclosure 1s not
limited to such a configuration, but may be applicable to the
interconnects and the plugs which are formed with different
materials, such as two aluminum interconnects connected by
tungsten plugs. Consequently, the EM resistance can be simi-

larly improved. Even 1f the interconnects and the plugs are
formed with the same material, a movement of atoms due to
EM may be obstructed at an interface between the intercon-
nect and the plug. Hence, even 1n the case that the intercon-
nects and the plugs are formed with the same maternial, an
elfect to improve the EM resistance can be obtained.

The semiconductor device of the present disclosure 1s use-
ful as a semiconductor device, etc. including a plurality of
interconnects electrically connected to each other by plugs, 1n
which a current flowing in the plugs connecting between an
interconnect of an upper layer and an interconnect of a lower
layer 1s effectively dispersed, and thereby realizing the semi-
conductor device having an excellent electromigration resis-
tance.

What 1s claimed 1s:
1. A semiconductor device, comprising:
a first interconnect;
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a second interconnect which 1s formed 1n a different inter-
connect layer from that of the first interconnect, and
which has a wider line width than that of the first inter-
connect; and

first and second plugs which are formed in a region where
the first and second interconnects extend in the same
direction so as to overlap one above the other, and which
clectrically connect the first and second interconnects,

wherein the first plug has a larger base area than that of the
second plug, and 1s formed on an end side of the first
interconnect with respect to the second plug, and

the first interconnect has greater resistivity than that of the
second 1nterconnect.

2. The semiconductor device of claim 1, wherein

a base shape of the first plug 1s square or round, and

a base shape of the second plug 1s rectangular or ellipsoi-
dal.

3. The semiconductor device of claim 1, wherein the first
plug has a length extending 1n a direction intersecting with the
line width of the first interconnect, which 1s longer than that of
the second plug.

4. The semiconductor device of claim 3, wherein the first
and second plugs have widths extending in a direction parallel
to the line width of the first interconnect, which are equal to
the line width of the first interconnect.

5. The semiconductor device of claim 1, wherein a region

where the first and second plugs are formed includes an end of
the first interconnect.

6. The semiconductor device of claim 1, further compris-

ng:

a third plug which electrically connects the first and second
interconnects, which 1s formed between the first and
second plugs, and which has a base area smaller than that
of the first plug, and larger than that of the second plug.

7. A semiconductor device, comprising;

a first interconnect;

a second interconnect which 1s formed 1n a different inter-
connect layer from that of the first interconnect, and
which has a wider line width than that of the first inter-
connect; and

first and second plugs which are formed 1n a region where
the first and second interconnects extend in the same
direction so as to overlap one above the other, and which
clectrically connect the first and second interconnects,

wherein the first plug has a larger base area than that of the
second plug, and 1s formed on an end side of the first
interconnect with respect to the second plug, and

a sum ol a resistance value between the first and second
plugs 1n the first interconnect, and a resistance value of
the first plug 1s equal to a sum of a resistance value
between the first and second plugs 1n the second inter-
connect, and a resistance value of the second plug.

8. The semiconductor device of claim 7, wherein

a base shape of the first plug 1s square or round, and

a base shape of the second plug 1s rectangular or ellipsoi-

dal.
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9. The semiconductor device of claim 7, wherein the first
plug has a length extending 1n a direction intersecting with the
line width of the first interconnect, which is longer than that of
the second plug.

10. The semiconductor device of claim 9, wherein the first
and second plugs have widths extending in a direction parallel
to the line width of the first interconnect, which are equal to
the line width of the first interconnect.

11. The semiconductor device of claim 7, wherein a region
where the first and second plugs are formed includes an end of
the first interconnect.

12. The semiconductor device of claim 7, further compris-
ng:

a third plug which electrically connects the first and second
interconnects, which 1s formed between the first and
second plugs, and which has a base area smaller than that
of the first plug, and larger than that of the second plug.

13. A semiconductor device, comprising;

a first interconnect;

a second interconnect which 1s formed 1n a different inter-
connect layer from that of the first interconnect, and
which has a wider line width than that of the first inter-
connect; and

first and second plugs which are formed 1n a region where
the first and second interconnects extend in the same
direction so as to overlap one above the other, and which
electrically connect the first and second interconnects,

wherein the first plug has a larger base area than that of the
second plug, and 1s formed on an end side of the first
interconnect with respect to the second plug,

the second interconnect 1s formed 1n an upper interconnect
layer with respect to the first interconnect,

the first and second 1nterconnects are copper interconnects
having conductive barrier films, and

the first and second plugs are integrally formed with the
second 1nterconnect.

14. The semiconductor device of claim 13, wherein

a base shape of the first plug 1s square or round, and

a base shape of the second plug 1s rectangular or ellipsoi-
dal.

15. The semiconductor device of claim 13, wherein the first
plug has a length extending 1n a direction intersecting with the
line width of the first interconnect, which 1s longer than that of
the second plug.

16. The semiconductor device of claim 15, wherein the first
and second plugs have widths extending 1n a direction parallel
to the line width of the first interconnect, which are equal to
the line width of the first interconnect.

17. The semiconductor device of claim 13, wherein a
region where the first and second plugs are formed includes
an end of the first interconnect.

18. The semiconductor device of claim 13, further com-
prising:

a third plug which electrically connects the first and second
interconnects, which 1s formed between the first and
second plugs, and which has a base area smaller than that
of the first plug, and larger than that of the second plug.
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